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TPCilXm AIJD MACCQi.L   UOMPiJTATIONS 

y\bs tract 

In the present report, a ir.ethod is illustrated of ottaining 
more precise values of shock wave angle, pressure, Mach minber 
and dra<3 coefficient frcii! a given cone angle and velocity past^the 
cone. Fro!2 the Rankine-Hugonict shock wave equations a single 
equation is obtained which fixes the position of the shock wave. 

Another tera is obtained in Maccoll's Taylor expansion about 
the surface of the cone which pemits the use of a larger interv^a 
of Intecrotion with the saii^e degree of smoothness and accuracy 
pre-r'.ously oltained for sr^aller in'-,erv>'^ls. 

■^ 
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RKSTHIGTED 

By the assuiaption of axidly symmetric irror •• r i nn-^ 
tlo-vv_oi- a perfect compressible fluid, Taylor and ^^cco^T^ 
?'n?enti   '^'  following  differential  e^lftt^onsTortl 
reepfctnv^iS     r^'""'"''^^^''^^^^^^^^'  °^" ^^^--ocity,   a and v respectively,   lor  conical  flow: 

V = du/d9,   ivuere a is  tag azimuth male. 

Only  numerici.1  Integration nas   tnus  i^r  rrove-'   ro^.^h, 

t'eg?° e"SSt'?rtn  T'^'^^''     "  ^"™  is  c;nveilent\"rrt-   ' 

first re« .teps of^.^'Jnte r^itl^S,"        oK^^S^ f^h^"^ 

-- •^ 

e 

4 5 6 

(V/C)Q  =  -2(u/c)^  R[I -  ^59  +  b -^'-  c ^%  d ^^1 

where   tne   subscript   s  denoipc;   o   V-T-'O  +. I. ^   . 
of  tee cone and,   lettiS-   (^/c)     =T ''  '^'"  '^"''^'^ 

a  =  cot  9, 

b  =  cot^s^  +  5U^/5(v-l)(i_up 

c  =  a(7/i;:   +  cot^-9^  +  <0U^/3a-l)(l-U'^). 

d    =    COt'^S       +    .9^^    COf'-'S       +       ^ -:-:)--3 7 

- T::fj [5.02053 cot^Q^ ^ -6.00925,^, + .82:0,^ 

iaccox^ - fcroe. Roy. Soc. A 159 i%q 
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RESTKICI'ED 

Nu;r.erical  integration cun  then be  used until  9       tn- 
siiocK. wave  aiiKle   i-   rp;4f'hf=ri-ii-    un<-   ^-i,•,• -   ■,• -      - 

u.t  ensunce  ol   =   shocK v.ave  are obtained   IToa  -cne 
T/t'TJ''^fr^°'' '^'^'^atlons.     I„ the form obta? ed by -.ylor 

^riQ Macooll-,   tnese  involved the use of thr^=  'It-  r,f"l^.L 
.a.x„,tne computation not only  cu^berco^e!'butlnaciu?  tf ^' 

tbe -Sse-of'in'ly   inr",-!." "'l^'thir"'':!.;"""'''  ''•"°^''"'^^ condition  7--1 •   r^   i.t;     " ^  ^    ^  r^'POit  an  even  simpler 
^11^^  '-^-   ^^  derivea,   much  obviates   the   use  of  grapns entirely. 

equations, 
From tae attdChea  diagram and  the Rankine-i iugoniot 

u. 
XL 

v..p^   =   V-, p. 

p'-  - Pi   =   P^v^Cv^   -   V  ) 

Pi 

Cy -^)Pi + (■r+i)P2 
(Y-1)P2 + (V+ITP^ 

* S: ol-SroJr':; ''= '^''=-'*"^°' ^'^^"^ ««^- i= P--nel to th« 
f Taylor aid llaccoli -   Ibdo ' 
**F.ichard N. Thoir*? -  BFL Report No.  /,???.    . 
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we can, -asins the transformations 

^2 ^1 Pi 
^1 

being the velocity of sound in tne unais Lurbeci air, ootain 
the equations 

f = (-r+O^ -(-i-l) <^ (1) 

1+1   I_rl  - ^2 •  . , 
2  «" -  2  ^ - ?^ (2) 

Introduce the quantity 

P 

sound behind the Shockwave. 

Then -4 = -^ ^ 
a^  Pi a 

2 ~ 'i p~ ~''^~T~^'^^~^*2^ ' ^2 ^®^"s- ^-''^^ velocity of 

and p c^-q§ 2 ^ Iri   _3 ^ 
a Pi"  2      v^ -T!    I 

Substituting in eq, (2) gives 

T -1±1  ^2 
— — ——    —-p—.j 
a    -t -i   C'"-Un (3) 

1 P-. 
fcoivin^  equations   (1),   (2),   and   (3),   for -^  and -— gives 

i     -   (l±II'        ''"2_, V-1 ,   ^ 
a^   -  2tr-l)     IIuT -2 U) 

ii.fcr'l,rAVii 



ctrea'D I r"'- tD 

(o> 

p. Y"-l   1-lT^-Vo   ~    ^ +1 ^^'' 

where U-   =  u„/c,     V,   =  v../c. 

But.,   from  i.ne  diagram  unc  eq.   (3) 

U-, u^ u. V, 
cot  9    =--i = --^    J:=_:L±i    ^ A.^ 

W V, v.,      0 v_i   c'-ui 

fc:q. (6) suffices to determine when the Inlegr^.tion must 
stop, for it can be written in the form 

'^°^-'^w "^ ^^  2^ij-'^ = 0,   sho-oino that inverse 

interpolation may be use;.; to detei-mine tne value of ^ .  Once 
V.-' 

9^, is determined, JJ^  and V^ may te found by direct inter- 
polation. 

It remains to find tne Mach number H  and the nead drag 
coefficient K^,.  Obviously, M = q, A-T = v-,csc9 /a-, = a csc9 

and can thus be fouiid by usini, eq. (4). 

= ^  1  j is _1 '      ■ (7) 

But ^   ^ ^2 

Pi  " P2  Pi 

Since   the  flov»   is  adlabatic  behind  the  shock  wave, 

~ =   (—) ^vhile 
P- P2 

♦ After thip n«nuecript had been contpleted,  it was found that this 
•q».at^At  -fg. -   ed > -   the Navy In their calculations. 

'U <■-•■;;, ^,   'i,_:fs 



RESTRICTED 

1 - i 

^"-^2       Ps ^ P2 " P2  P2 " ^P2^ 

J_ _L 

Tnu-^      Pq    c-'-q; ^ ^    l-u    ^ ^ 

P2   ^c"-q|^      '^l-Ul-VI^ ' 

md 

can be determined I'rom ea. (5).  Finally K. is found by 
substituting in (7). ^ 

It should be observed that u /c is not knovai in 

practice while M is.  This aifficuity l.s surmo-onted by 
solving tne differential equations for u/c anci. v/c for a 
variety of values of njc  and the same 0,.  In this way 

sets of values for 0 , M, anu K., are obtained and P  £ind 

K-^  can be plotted against M.  inus tne shock wave angle 

and head draji coefficient can be obtained if tne velocity 
and cone angle of tne projectile are known. 

(.'1- ;cii curves were actually obtained for the four values 
01 9^ : ^.5",   i;:.l°, 15°, mid 20°  and are shovn at tne end 

of the report.  It v/as found convenient to use tne foilowinf 
values of u^/c in eacn case: .?5 , .30, .375, .4, -45, 

.0, .7, .8, .9.  It will be seen that in tne case 9  =9.5'', 

there are two values of K^^ and 9,^ for some values of M. 

If j-ower values of Ug/c were used, complete sets of double 

values'could be obtained.  However, in r>ractice tn^ upper 
part of the curve does not usually occur, so it can be 
safely eliminated. 

It may also be .Tientioned that the integration v.as 
carried out in the .Manner ui^ed for a trajectory rather than 
in uie equal intervux method originally used by Taylor and 
.•laccoll.  The for...t-- aas the advantage of peraiitting a 
r:5u^i interval to bt ised at tne beginning, sr/hich can be 

ii£wilii>iX^ 1 



CTED 

the'^LMpf ^'f  "^^ '"^'^'  ^'  ^^^  ^^^°^i^^ permits,     fince 

.   ^ . ^•'   '    l^^l-  ^   >   -^   1^  aavisable   to begin  the 

"r ^    ^°'  '  ^  ^B-l-'^>   V3-5.   Qg,   93+0.^,   9  +1.0, 
inis  gives  five  iines  with fourtn  differ^nr-.. _   L.'.^f......   .^. 

integrStionf L'Io'''4'?f''t"  '°  ""'^^^  '^^  ^"^^^^^^^  °^ ,1..^^  - .   ^ '^  »   6-eu.t(;r  taan env^ used  bv 'I'-.vin-r   -.w-i 
Maccoxi,  Which naturally  shortened   tne  compu?L'Sn       rn cases,  notably for 0    = 9.-,° /    _^iifcj-oupu.ot.on       in  iio.ne 

Ug/c  =   o75,   the   interval .or  integration ha.   to  be  d;astiea-iv 
reduced  Just  before  tne  inteer   iinn  -.-c- ^   ^   ■■ 
correspond   to  M.ch .^nberf L^o^a'?S if     oTS  %"'■ o^J^.t'^'"'^^ 
the  y^ach nun-ioer  can be  l.OA  and  stii'   -^'P"' /*   •   ^^^^^> 

Rayiiiond  A.   lurel^^ky 
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